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bluegill was much lower. Reducing the rate of
exploitation would likely improve the bluegill
size structure on Lake Victoria, but frequent
emigration to Lake Jessie may reduce the
benefits if Lake Victoria was the only lake in
the chain managed for large bluegill.

When the strong 1989 year class of
bluegill reached harvestable size in lakes Le
Homme Dieu and Maple in 1996, anglers
quickly responded. Bluegill harvest from both
lakes doubled due primarily to the late winter
panfish season. Exploitation increased from
17% to 29% on Maple Lake and from 12% to
16% on Lake Le Homme Dieu. A similar
scenario occurred on Manistee Lake, Michigan
(Laarman 1980). Prior to recruitment of the
1973 year class, angling effort was 15 and 35
hrs/ha in 1976 and 1977 while exploitation was
only 10%. In 1978, however, angling effort
climbed to 59 hrs/ha and rate of exploitation
increased to 31% in 1978 as the 1973 year
class recruited to the fishery. The lower ex-
ploitation from Lake Le Homme Dieu allowed
few bluegill to reach 200 mm despite poor
growth, but such fish were nearly nonexistent
in Maple Lake. Consistent with bluegill popu-
lation simulations conducted by Beard et al.
(1997), the response by anglers and slow
growth rates will likely maintain the poor size
structure on both lakes.

In addition to Manistee Lake, bluegill
exploitation data are available from three other
upper midwest lakes of comparable size. Rate
of exploitation averaged 37% from 1948-1952
on Sugarloaf Lake, Michigan (Cooper and
Latta 1954) and averaged 12% (range 4-24%)
from 1955-1970 on Murphy Flowage, Wiscon-
sin (Snow 1978). An average rate of exploita-
tion of 42% (range 34-64%) was found from
1956-1965 on Escanaba Lake, Wisconsin
(Kempinger et al. 1975). The bluegill popula-
tion density was extremely low (2-20 fish/ha)
in Escanaba Lake, supporting our finding that
exploitation increases faster in low density
populations as harvest increases.

Exploitation affected the black crappie
size structure in all lakes except Lake Andrew.
The black crappie population in Lake Andrew
appeared to be of a fairly low density, but the
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fish grew fast and attained large sizes. Low
exploitation in 1994 (9%), combined with
relatively low natural mortality (33 %), allowed
the 1989 year class to reach large sizes. The
higher exploitation rates observed in 1995
(21%) and 1996 (32 %) were primarily on these
large fish. This encouraging pattern allowed a
fishery with a high proportion of large black
crappie to exist. However, if exploitation were
to increase on smaller fish, the quality may be
jeopardized.

Lakes Le Homme Dieu and Maple had
relatively low density black crappie popula-
tions, moderate growth rates, very few large
fish, and exploitation rates consistently above
25%. These factors suggest that a minimum
size limit may improve the population structure
(Allen and Miranda 1995). Based on prelimi-
nary information from this study, a 254 mm
(10 in) minimum size limit was initiated on
Maple Lake in 1997 and will be evaluated
through 2005. Despite the similarities between
lakes, we did not recommend a similar regula-
tion for Lake Le Homme Dieu for two reasons:
1) migration of fish out of the lake was com-
mon and could dilute any beneficial results of
a regulation, and 2) connections between Lake
Le Homme Dieu and other lakes in the Alexan-
dria chain of lakes are also navigable making
enforcement extremely difficult. To be effec-
tive, a regulation would need to be instituted on
all the lakes in the chain. Black crappie
growth in Lake Victoria, located in the same
chain of lakes, slowed considerably after age 4,
severely limiting the potential effectiveness of
a minimum size limit. These differences in
growth rates among lakes in the chain suggests
that, despite being connected, they behave very
differently and a single regulation would be
biologically inappropriate.

Data indicated the 254 mm size limit
on Maple Lake would protect 49 % of the black
crappie that were harvested in 1994 and 1995.
We found in the bag limit reduction results that
a daily bag limit of 5 black crappie would have
reduced harvest by approximately the same
amount (45 %), but felt the minimum size limit
to be the better option. A minimum size limit
forces the angler to make an immediate deci-



sion as to whether or not to violate the law. A
five fish bag limit, however, may actually
encourage violation of the "sorting" regulation,
where anglers keep a small fish until they catch
a larger one, whereupon the small fish is
released.

The method we used to estimate the
effects of reduced bag limits is inherently
biased because it fails to consider the relative
increase in bluegill or black crappie abundance
that may have occurred had the new bag limit
been in place (Porch and Fox 1991). If we
reduce harvest with a lower bag limit, then the
chance of an angler later in the year harvesting
fish theoretically increases. An angler who
harvested only two fish under the old bag limit
would have a better chance of harvesting three
or more fish. Therefore, the harvest reductions
we calculated must be considered the maximum
that could occur.

Information on exploitation of black
crappie in the literature is generally limited to
southern reservoirs and usually includes white
crappie Pomoxis annularis. Information is
available for the same four upper midwest
lakes as bluegill. In Michigan, Manistee Lake
had rates of exploitation ranging from 14 to
21% in 1976-1978 (Laarman 1980), and rates
of exploitation averaged 35% in Sugarloaf
Lake in 1948-1952 (Cooper and Latta 1954).
In Wisconsin, rates of exploitation averaged
11% and ranged from 5-22% in Murphy
Flowage from 1955-1970 (Snow 1978), and
averaged 26 % (range 9-50%) in Escanaba Lake
(Kempinger et al. 1975). Natural mortality
rates were also reported from Manistee Lake
(39%) (L.aarman 1980) and Murphy Flowage
(42%) (Snow 1978). All these rates are similar
to our results, suggesting that rates of exploita-
tion of 20-30% or more and natural mortality
of 30% to 40% may be common for black
crappie in the upper midwest. Since these
numbers indicate that harvest restrictions may
be beneficial (Allen and Miranda 1995),
growth rate becomes the deciding factor.
Lakes containing black crappie populations
with above average growth should be consid-
ered for harvest restrictions if the management
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objective for the lake is to increase the size of
black crappie available to the angler.

The exploitation rates reported in this
study must be considered minimum values.
Tagging mortality, tag loss, emigration, and
non-reporting of tags by anglers could all lead
to lower estimates of exploitation than actually
occurred. We did not adjust numbers of
tagged fish for potential tagging mortality.
Mortalities during the pond experiment were
common. However, pond fish were handled
much more and were placed under consider-
ably more stress than those tagged in the lakes.
Larson et al. (1991) estimated that mortality
due to tagging black crappie with anchor tags
was 2.5% when water temperature was under
13°C but exceeded 30% with warmer tempera-
tures. Water temperatures were generally 5-
15°C during our tagging operations. If we
applied a mortality rate of 2.5% to the black
crappie we tagged, the average exploitation
rates of 26.0% on Lake Le Homme Dieu and

i 28.1% on Maple Lake would have increased to
26.6% and 28.9%, respectively. Therefore, it

is unlikely that tagging mortality of this magni-

" tude had a significant effect on our results.

Tag loss can also affect exploitation
estimates. Our tag retention estimate of 93 %
was generally similar to rates found in the
literature for anchor tags which ranged from
69-98% for various species (Muoneke 1992;
Pierce and Tomcko 1993; Pegg et al. 1996).
Larson et al. (1991) reported black crappie tag
retention rates from three reservoirs that
ranged from 70% to 95%. They suggested that
the laterally compressed body shape of black
crappie lends itself well to secure lodging of
the tag anchor behind the pterygiophores,
leading to excellent tag retention. With a
similar body shape, this is likely true for blue-
gill as well. The only bluegill information
available was from a drainable pond in Mis-
souri, where the retention rate was 85 % (Kruse
1997). We found both species to be easily
tagged, and feel confident that retention was
very good.

The creel survey provided few obser-
vations of tagged fish, so voluntary returns
were critical. Zale and Bain (1994) estimated



that approximately one-third of anglers return

tags altruistically, but the other two-thirds

require some inducement. Our reporting rate
of 69% was higher than most rates reported in
the literature. Most previous studies involving
crappie used monetary rewards to encourage
returns, compared to our incentives of fishing
jigs or t-shirts. A $5 reward yielded reporting
rates of 27-44% from Lake Marion, South
Carolina (Kraham 1995), and 55-60% from
three Georgia reservoirs (Larson et al. 1991).
Variable monetary rewards with the opportu-
nity to receive $100 yielded higher crappie tag
reporting rates (67-93%) from three Missouri
reservoirs (Eder 1990; Colvin 1991). Since
our reporting rate involved anglers who had
been contacted by the creel clerk, their aware-
ness of the project was undoubtedly raised,
potentially inflating our reporting rate. Larson
et al. (1991) expressed the same opinion.

Emigration of tagged fish from lakes
Le Homme Dieu and Victoria into adjoining
lakes was a common phenomenon. Despite not
releasing tagged fish near connections to other
lakes, our emigration rates were higher than
expected. Jacobson (1994) reported that only
6% of walleye tagged in Big Sand Lake, Min-
nesota, were harvested in adjoining lakes, and
walleye are considered much more mobile.
Managers need to consider the potential move-
ment of bluegill and black crappie when man-
aging connected lakes.

Creel surveys not covering the entire
year underestimate total annual harvest and
exploitation (Coble 1988). Creel surveys are
common on Minnesota lakes, but the majority
of these surveys have been conducted during
the open water season, often targeting anglers
seeking walleye (Cook et al. 1997). Winter
panfish angling can be more successful than
open-water. A winter creel bluegill harvest
estimate of 12,000 on Lake Minnewaska,
Minnesota, was nearly double that of the
summer harvest of 6,900 (Kessler 1990). He
also reported an estimated winter harvest of
2,700 black crappie;, compared to only 600 in
the summer. Even these differences likely
underestimate the importance of ice angling.
Kessler’s (1990) and virtually all other Minne-
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sota winter creel surveys ended with the clo-
sure of the walleye/northern pike season in
mid-February. In our study, the late winter
panfish season, which ran from the close of the
walleye/northern pike until ice-out in late
March or early April, was extremely impor-
tant. Over 30% of the bluegill tag returns from
lakes Le Homme Dieu and Maple came from
this season. For black crappie, 14% of Lake
Andrew tag returns, 18% of Lake Le Homme
Dieu tag returns, and 47% of Maple Lake tag
returns came from this season. Since we
tagged the fish in the fall, tag returns may have
been biased toward the winter seasons, but total
harvest showed a similar pattern. The late
winter panfish season had the most bluegill
harvest in 1994 and 1996 from Lake Le
Homme Dieu and in 1996 from Maple Lake,
and the most black crappie harvest in 1995
from Lake Andrew and 1994 and 1996 from
Maple Lake. Designs for any future creel
surveys where panfish are of interest must
address this season or the results may be seri-
ously flawed.

While year class strength has been
addressed as a factor in angling success for
species such as walleye (Parsons et al. 1994),
this study indicates that variation in bluegill
year class strength can also affect angling. The
1989 year class dominated our bluegill tagging
and angler harvest throughout the study on all
four lakes. Our best example was the angler
response when the 1989 year class was fully
recruited to harvestable size on Maple Lake.
The year class effect was less apparent for
black crappie. Rate of exploitation was consis-
tently above 25% on Maple and Le Homme
Dieu despite the presence of only two good
year classes. However, the 1989 year class
almost entirely supported the black crappie
fishery on Lake Andrew during the study
period. ,

Exploitation was higher on large black
crappie than small ones, particularly those <
200 mm. Several scenarios could cause this
effect. Anglers could have released small
black crappie, but release rates by anglers
seeking black crappie were usually very low.
Furthermore, tag return information from



angler released black crappie was not skewed
toward small fish. A second possibility is that
mortality may have been higher for small
tagged black crappie than large ones. This did
not appear to be the case because tag returns
from fish caught more than one year after
tagging, when black crappie which were <
200 mm at tagging had grown into larger size
groups, were similar among size groups.
Apparently, anglers simply caught very few
“small black crappie. Whether this was due to
angling techniques or behavioral differences
between sizes of black crappie is unknown.

Unlike black crappie, there was no
trend toward higher exploitation of larger
bluegill. While bluegill anglers had very high
release rates, these were almost exclusively
small fish. Most bluegill caught that were
larger than 150 mm were harvested. This even
occurred on Lake Andrew, where large bluegill
were common and anglers could have selec-
tively harvested larger bluegill. It is possible
that the presence of a tag may have persuaded
anglers to harvest a bluegill that may otherwise
have been released. Although sample size was

“very small, an examination of the sizes of
bluegill kept by angling parties who had kept a
tagged bluegill when interviewed indicated no
difference in size between the tagged bluegill
and other bluegill in their creel.

Anglers have been reported to target
large parental male bluegill when they are
vulnerable on the spawning beds (Ehlinger
1997). A study on four Missouri reservoirs
found 60% of angler tag returns from bluegill
during peak spawning in May and June (Kruse
1997). This was not the case on the four lakes
in our study. The mean length of harvested
bluegill during the early summer period, which
includes bluegill spawning, was not higher than
the yearly average. Additionally, with the
exception of 1994 in Lake Le Homme Dieu
and 1995 in Lake Victoria, harvest rates by
anglers seeking bluegill were not unusually
high in the early summer period. Contrary to
the Missouri results (Kruse 1997), we did not
find higher exploitation rates on the largest
bluegill in the populations. However, creel
surveys from the 1950s on lakes Andrew and
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Maple did show much higher proportions of
large bluegill in the creel than we found
(Larson 1961a,b).  Consistent removal of
larger bluegill by angling can cause and perpet-
uate poor size structure (Coble 1988). Recent
studies on bluegill reproductive strategies
indicate the situation may be even more com-
plex. Removal of large parental males can
cause an overall decline in growth rate within
a lake by encouraging parental males to mature
at a younger age (Jennings et al. 1997), or by
increasing the proportion of cuckolder males in
a population (Drake et al. 1997).

The lack of anglers targeting nesting
bluegill may also be due to anglers targeting
other species. The early summer season was
dominated by anglers seeking walleye.
Walleye anglers outnumbered bluegill anglers
in this season 6.6 to 1 on Maple Lake, 4.6 to |
on Lake Andrew, 2.0 to 1 on Lake Le Homme
Dieu, and 1.1 to 1 on Lake Victoria.

Exploitation is obviously not the only

: factor affecting bluegill and black crappie
" populations in these lakes over the years.

Fisheries management techniques have likely

+ altered fish community structure in many lakes.

For example, in Maple Lake, northern pike
stocking and recruitment were encouraged
from the 1950s through 1980. The high densi-
ties of northern pike maintained by this man-
agement strategy were accompanied by a long
term decline in yellow perch abundance. We
also noted a decline in bluegill growth rates
from those observed in the 1950s (Larson
1961b). A similar pattern was observed in
Horseshoe Lake, Minnesota, and was attributed
to northern pike stocking (Anderson and
Schupp 1986).

Anglers’ desires for larger bluegill and
black crappie are unlikely to decrease, and
their complaints about size structure are likely
to increase if the trends in panfish populations
continue downward. Manipulations of predator
populations have failed to improve bluegill size
structure (Goeman et al. 1990; Goeman and
Spencer 1992), and this study indicated that
exploitation did indeed affect size structure of
bluegill and black crappie. Fisheries managers
and anglers in Minnesota must address panfish



exploitation if the size structure of bluegill and
black crappie populations are to improve.

Management Recommendations

In lakes with good growth, reducing
bluegill exploitation will improve the potential
for large bluegill. However, if growth is poor,
the cost in potential lost harvest probably
outweighs the benefits of reducing exploitation.
Managing for large bluegill with reduced
exploitation should only be attempted in lakes
where growth rates exceed lake class medians
(Tomcko and Pierce 1997) and bluegill reach
200 mm prior to age 8.

Managing for reduced black crappie
exploitation should improve size structure.
Growth rates in our lakes were considerably
slower than southern waters where regulations
have succeeded. However, natural mortality
was lower in this study and maximum age was
higher, offsetting the slower growth.

We noted significant movement of
bluegill and especially black crappie to con-
nected lakes. While such movement has been
considered in the past for species regarded as
highly mobile, it should also be considered
when managing bluegill and black crappie.

Creel surveys on waters where panfish
are of interest should be extended to cover the
period from mid-February through ice-out.
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